Introduction
The new DCS1800 system is expected to be a very high capacity system and this capacity will be achieved using a small (even micro) cellular structure. Cells with a radius of less than 1Km will be the norm in dense urban areas. In order to meet the anticipated increasing demand for mobile radio services, future cellular radio systems will need to have Dynamic Channel Allocation (DCA) rather than Fixed Channel Allocation (FCA). Published research work on frequency planning has shown that DCA schemes offer significant improvements in carried traffic and call blocking capabilities over FCA [ 1, 2, 3] . This conclusion is made, however, by comparing the performance of a dynamic DCA system to that of a stationary FCA system and, therefore, the improvements obtained were unjustifiably attributed entirely to DCA.
In a FCA system, the radio spectrum allocated to a cellular radio system is equally divided into a number of channels in such a way that each of these channels is wide enough to carry the required information and is narrow enough so that there are as many of these channels as possible. The frequency planning for a cellular radio system is to divide the total number of channels by the number of cells in a cluster. Each subset of channels is permanently reserved for use within each cell. The subsets of channels are only reused in cells separated by a reuse distance to minimize the cochannel interference. Channels from each subset must also be carefully selected to minimize adjacent channel interference. Only channels from a subset can be used to serve calls in a cell to which they are reserved for. If all channels from a subset are in use, extra services would not be available in that particular cell. In a HDCA system, the subset of channels is divided into two parts: fixed channels and dynamic channels. Only callers in the cell or in one of the surrounding cells may have access to these dynamic channels.
The aim of this paper is to evaluate the performance of a FCA system using a Monte-Carlo software simulation. The paper also presents the performance of HDCA as an alternative method for frequency planning.
System Model
The simulator begins by simulating a geographical region and its cellular layout. Base stations and mobile terminals are also set up during this process. The simulator starts by setting up calls, simulating calls and collecting system statistics. 
Simulation Environment
The simulation is based on a 27*27 cellular structure of equal size cells. In the simulation, mobile terminals making calls are identifiable entities whose locations and movements are stored in the computer. The data to be presented later were obtained by counting and storing the number of actual events that happened during a simulation run. Events of interest were call attempts, call attempts blocked, handoffs and forced call terminations. These events were also the basis of the system statistics which showed the state of the system as the simulation progressed. For each data point the simulation was run and the events were counted. The number of call attempts processed for each data point was in the range of Id and lo4. However, the actual number of call attempts required depends on the traffic distribution and it can be estimated from equation (1) given in section 4. The system statistics were only collected from the central 15*15 cells cellular region. In this geography the mobile terminals moved around with Gaussiandistributed velocities which were truncated at 60mph. The mean of the Gaussian function before truncation was 30mph. Their new locations and movements were updated with system cycles of 5 seconds.
For each system cycle the simulator steps through each mobile terminal in turn and checks its activity status. Depending on events in previous system cycles a mobile terminal will be either 'on' or 'off. If the mobile terminal is 'off and is about to make a call attempt, the simulator then generates two uniformly-distributed random numbers for x and y coordinates of the mobile terminal. This method of generating call attempts produces call arrivals that are Poisson processes in time at each base station and uniformly distributed in space. This uniform traffic distribution, of course, can be scaled to produce any desired traffic distribution pattern. For each successful call attempt a Gaussian-distributed velocity will be generated. On the other hand if the mobile terminal is already 'on' and it is about to hang up, the simulator clears its activity status and channel activity flag. Call terminations are determined in such a way that allows the description of call durations which have an exponential distribution truncated at 600 seconds. The mean of the exponential function before truncation was 98 seconds. If the mobile terminal is already 'on' and does not hang up, it is then moved to a new location. The simulator also takes into account the possibility of a mobile terminal changing its velocity. A new velocity can be generated from the Gaussian distribution if required. Movements of mobile terminals are distributed in the following manner. 45% of the terminals having x velocity component only and another 45% having y velocity component only. The rest of the terminals (10%) have both x and y velocity components that are mutually independent. Cox also assumed these movements of mobile terminals in his frequency planning work [2] . Each simulation run lasts for 9 minutes in simulation time. However the simulator only starts to collect the actual number of events after the first 2 minutes. 
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This will take care of the initial disturbance in the system.
Evaluation Criteria
For the purpose of comparison, some evaluation criteria were selected. The most obvious are, of course, the carried traffic vs. the offered traffic and the blocking percentage vs. the offered traffk. It is therefore necessary to have mathematical relationships between these evaluation criteria and the system statistics. The mathematical relationships are as follows
where A, is the offered traffic, A, is the carried traffic, B is the blocking percentage, H is the mean call duration, E is the lost traffic due to forced call termination, N , is the number of call attempts blocked, N, is the number of calls terminated, N , is the number of call attempts, N,, is the number of handoffs, R,, is the call attempt rate and Rab is the blocked call attempt rate. Equations (2) and (3) can be easily derived from equation (1). The call blocking percentage can be defined as the ratio of the unsuccessful channel searches to the successful channel searches.
Results and Discussion
Ideally the traffic carried by a system should be equal to the traffic offered to that system. In reality, however, they are not equal because of the limited number of channels per cell, hardware capability, hardware reliability and many other factors. It is noted that the two converge more at low traffic than at high traffic. This behaviour is expected since it implies that there are sufficient system resources to meet low demand but these resources are not enough to support high demand. Cox's simulation results have also been plotted for reference. Figures I(a) and (b) show the effects of the traffic distributions. It is fairly obvious that the system performance is better under a uniform traffic distribution than a Gaussian traffic distribution, for the tendency of call attempts under the former condition (ie. uniform) to spread out evenly over all cells rather than targeting at certain cells only. The simulation results show that there is about O.lE/c/ch increase in carried traffic and about 10% reduction in blocking when the offered traffic is in the region of 0.95Wclch. In practice, the traffic distribution is neither uniform nor Gaussian but can be visualised as a smooth surface with peaks (time and event dependent factor) that will degrade the system performance. Figures 2(a) and (b) show the effects of the velocities. The simulation results show that there is about 0.03Wclch increase in carried traffic and about 4% reduction in blocking when the offered traffic is in the region of 0.95WcelVch. The results also reveal that there is very little improvement in the performance when terminals move at speeds higher than 30mph. The effects of terminal velocities can be visualised as a'diffusion process by which blocking is reduced, hence an increase in carried traffic. Figures 3(a), 3(b) , 4(a), 4(b) show the effects of the call durations. Two investigations in this study are 1) for a given traffic and 2) with overload traffic. Equation (1) given in section 4 indicates that the attempt rate is reciprocal to call duration for a given traffic. Hence the probability for a call attempt to be blocked decreases as the number of call attempts per system cycle decreases and, as a result, the system should carry more traffk. The simulation results show that there is about 0.08Wclch increase in carried traffic and about 8% reduction in blocking between call durations of 98 and 200 seconds when the offered traffic is in the region of 0.95Wclch. It is noted that, for a call duration of 200 seconds, the carried traffic curve is very close to the ideal straight line. It means that there would be very little improvement in the system performance for call durations longer than 200 seconds. In the case of overload traffic, the results also show some improvement in the system performance for longer calls. There is about 0.04Wclch increase in carried traffic and about 4% reduction in blocking between call durations of 98 and 140 seconds when the offered traffic is in the region of 0.9Wclch. It is noted that the offered traffic is now beyond 1.OWclch. This is an indication of overload traffic condition.
Figures 5(a) and (b) show the effects of the minimum call durations. The simulated conditions were uniform traffk distribution, Gaussian distributed velocities with a mean of 30 mph and exponential call duration distribution with a mean of 150 seconds. Each successful call attempt was assigned with a call duration taken from the exponential distribution which has minimum call durations of 20, 40 or 70 seconds under each investigation. The simulation results show that there is about 0.09Wclch increase in carried traffic and about 7% reduction in blocking for the shortest minimum call duration when the offered traffic is in the region of 0.95WcelYch. Figures 6(a) and (b) show the comparison of the FCA and HDCA systems. In the HDCA system, only the top 3 channels of the 10 channels subset are dynamic and the rest of the channels are fixed. The results show that the HDCA system is superior to the FCA system. The HDCA system does not have any blocking until the traffic demand reaches about 0.7WcIch instead of 0.3Wclch as in the FCA system. It indicates that the HDCA system has a channel outage protection of 0.4WcIch over the FCA system. The results also show that there is about 0.14Wclch increase in carried traffic and about 12% reduction in blocking when the offered traffic is in the region of 0.95WcIch.
Conclusion
A performance evaluation of a FCA system has been undertaken and presented. The simulation results under different scenarios have been shown. The paper also presented a brief performance evaluation of a HDCA system. The simulation results suggest that 1) high concentration of call attempts per cell would degrade the system performance, 2) terminal mobility would improve the system performance, 3) long calls would improve the system performance, 4) shorter minimum call time would improve the system performance and 5 ) HDCA would substantially improve the system performance. 
